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Overview 
 

Digital Rock Analysis (DRA) is an emerging method 

that extends the value of lab measurements of rock 

properties. DRA is based on a 3D model of a rock, 

created at the relevant grain/pore scale from input 

images. Methods now exist to derive fluid flow 

properties from such models (Jiang et al 2007) for 

rock types ranging from sandstones, to carbonates to 

shales. Calculations of other properties, such as 

electrical conductivity and NMR responses, are being 

developed. This project is concerned with initiating 

the development of methods to calculate the coupled 

geomechanical-fluid response in DRA.  The project 

will start with quasi-static conditions (Couples 2014), 

before establishing the basis for extending this 

approach to dynamic interactions (an essential building 

block for determining acoustic properties from rock 

images). The research will involve development of 

methods to create appropriate finite element meshes 

of a digital rock, and its pore space.  These will be 

used as a basis for creating simulation models that 

allow the coupled fluids-rock framework system to 

respond to loading (changes in strain, changes in fluid 

pressure). The input rock models will be derived from 

X-ray CT scans (and other methods) developed at 

Heriot Watt (HW). The meshing approach, and the 

finite-element mechanical simulation methods, will be 

based on software developed at Durham University. 

Fluid flow simulation will be derived from work at 

HW.  This research will provide greater 

understanding in an area that is under investigated, yet 

essential for accuracy effective stress prediction.   

 

 
 

Figure 1: Key research components: (i) real 3D rock fabric 

representation, (ii) geometric description of the solid 

framework, (iii) finite-element representation and (iv) non-

linear stress analysis. 
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The ideal student for this project will have numerical 

skills and experience, as well as an interest in the link 

between rock fabric and geomechanical/fluid 

behaviour. 

 
Methodology 
 

The aim of this research is to develop, test, and use a 

simulation tool that captures the several physical 

processes that occur at pore/grain scale in rocks 

during interactions between rock mechanics and 

fluids.  This will be achieved through the development 

of a non-linear, 3D finite-element (FE) based 

simulation tool that will allow the effective stress 

versus pore pressure coupling coefficient to be 

determined for real rock pore structures. The initial 

inputs for the research will come from 3D voxelated 

models of the rock textures (Heriot Watt). These 

discrete models will then be converted into suitable 

meshes for FE analysis. The utilised FE code, initially 

developed at Durham University (Coombs et al., 

2010), will be extended to allow calculation of the 

coupled response of porous rocks under combined 

mechanical and fluid loading.  Finally macroscopic 

properties will be up-scaled from these pore-scale 

simulations.  The methods to be developed will be 

compared with test data from the laboratory and 

literature. This work will create a foundation to be 

later extended to dynamic interactions that occur 

during the passage of seismic waves. The rock types 

to be used as test cases will include simple granular 

arrangements (good sandstones), more-complex 

reservoir types, and potentially shales. The range 

covers different framework configurations, and 

different pore systems. 

 
Timeline 
 

Research activity by year of study: 

 

Year  Key activities 

1 training academy courses (10 weeks), 

literature review, interfacing the non-linear 

finite-element code with rock texture data, 

fluid pressure loading incorporation 

2 training academy courses (5 weeks), include a 

contact detection algorithm for pore 

geometry changes 

Investigate permanent deformations of the 

solid framework with fluid pressure variation 

3 training academy courses (5 weeks), up-scaling 

macroscopic rock properties, investigation of 

different rock types/textures  

4 thesis competition, industry dissemination    

 

 

 

Training & Skills 
 

As part of a CDT cohort, you will receive 20 weeks 

bespoke, residential training of broad relevance to the 

oil and gas industry: 10 weeks in Year 1 and 5 weeks 

each in Years 2 and 3. Instructors will be both from 

expert academics from across the CDT and also 

experienced oil and gas industry professionals. 

 

A PhD student undertaking this project will interface 

mainly with the  (computational) Mechanics Research 

Group at Durham University, but also with 

researchers in Earth Sciences at Durham and with 

those in the Institute of Petroleum Engineering and 

the Geomechanics Group at Heriot Watt.  Upon 

completion, the student will have gained a detailed 

understanding of poro-geomechanics and numerical 

analysis techniques, in addition to having developed 

considerable analytical skills.  These qualities would 

make the student immediately employable within both 

the fields of engineering and earth sciences or on 

further academic research. 
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Further Information 
 

Please contact Will Coombs for more information: 

w.m.coombs@durham.ac.uk, 0191 334 2516. 
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